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WEIXBORE CASING 
Cross Reference To Related Aiq;)licationfi 
This application clainu the benefit Provisional 
Patent i^iplication Serial Number 6Q/111^» attomegr docket number 25791.3, 
ffled cm 12/7/1998, the diadosuie of which is in c orp o r ate d berein by lefer^ 
Bafikggoimd of the Invention 
Tlus invrotion relates generally to wePbote caanfps, and In pflrtiimi pr tir 
weUbflPS caahigB that tia fiimtaii yrfwy ^t« pm dfn!> h* ^T*»" C 

Convantionallj, wbtax a weObove is creatad, a smnber of cadnp are 
5 installed in the bordide to praventooOqw of the bore 
midesiredoatfiow of drilling Ibid into ttefia^^ 

formation into the borehole. The borehole is drilled fai intervals wherefaj a caslBig 

^duchiatobeinstanedinalowerhorahole interval istoi^^ 

installed casingof an iqjp^boreholeintervaL Asaccmsequence of this procedure 

10 the casing of the lower intervaliaofsmallerdianieterdiantte 

interval Thus» the caarngs are in a nested arrai^gement with casing diameters 

decreasing in downward direction. Cement annuUarepr^ 

siirfhces of the casingB and the bordmle wan to seal the casings to 

walL As a oonaequenoe of this nested arrangement a relatively laige borehole 

15 diameter is required at the upper part of the wdlbore. Such a large bordiole 
diameter involvBS inaneased coafca dti» tn htmvy winrng hnnW^mg *Miiiipmmt, Ihtep 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is in volved due to required cement pun^ung, cement 
hardening; regofaed equipment changes dua to large iwriationg m hnU Aium^ f^r^ 

20 drilled in the course of the well, and the large vclome of cuttings drilled snd 
removed. 

The present invention is direeted to ovarooming one or more of the 
limitationa of the esiathig procedures tbf fimiag new seetions of casing in a 
wdlbore. 

25 Smmnaxy of the Invention 

Acconling to one aspect of the present faivention» a method of forminga 
wdBxire caaiiiff ia pmiriHprf fW h«>in ^^ fttftffing a tuhnhr Imcr tmd amandrel 



in the borehole, iz^jecttngfluidicm^ 

the V"*^^ thAlim^liftle Ky Mtruding the Hng off of the mandreL 

Aooozding to annt K'^ aspect of the present niventioii, e method of fi)niiiiig 
e wellbore cftF itt g is provided that inchides drilling oat a new sectiozi of the 
5 bordkoleadiacenttotheabreadyexistingcasiDg. Atnlnilarl^ 
then ^aoed into the new section of the bordiote with the tubulw 
an alieady existing casing. A hardenahlefhiidic sealing material is injected into 
m onuTiiftT- T^^rm Ywttmm the fcnhnlflr Knfir and the new scction of the horehole> 
l!he annular tegionhetween the tubular liner and the new sect^ 
10 is thnfhiidM^ isolated frim an interior region of the tu^ 

mandxeL A noo haidsnable fhxidk material is then iiqected into the hiterior 
regionofthetnbulartinerbebwtheniandreL The tubular Unv is extruded offof * 
the mandreL The overlap between the tubular lino* and the already eiisting 
sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed firom the borehole. Hie integrity of the 
seal of the overiap between the tubular liner and the already existing casing is 
tested. At least a portion of the seoond quantity of the hardenable fluidic sealing 
material is removed from the interior of the tubular hner. Theremainingportions 
ofthe fluidic hardenable fluidic seeling matoial are At least a portion of 
20 cured fluidic hardenable sealing material within the tidiular liner ia 

According to another aspect of the present inventton, an apparatus fiir 
a tubular member is provided that mchides a sivport mem}ier, a 
iiiandrd,atubuIarmember,andasboe. Thesupportmemberinctedeaafirstfluid 
passage. The mandrel is cotq>led to ttie support niexnber and includes a secern^ 
25 fluidpiiiftfFye" Thfttiihiilerinemhcrismapledtothemandgel The shoe is coupled 
tothetubularlinerandinchidesatlurdfluidpassage. The first, second and third 
fluid passages are qperabbr coufried. 

Accoidtaig to aqpect of the present invention, an apparatos for 

r*pf^«g a tubular member is provided that inchides a support member, an 
30 eypandahlft mandrd^atobular member, ashoe, and at least one sealing 

The sopport member indudes a firrt fluid passage, a seccmd fluid passage, an^ 
flow control valve coupled to the first and second fluid passages. The expaidable 
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mandrel is coupled to tha mipiiort. mrnhgr »T?f hidfff a thiTfl fhiM passege. The 
tubular mamber is oooided to tbe numdrd and indudes one or more cMiifig 

elements. The shoe is coupled ta the tuhntor mftwAer ami fn c hnf^ ji fin^rth fjy ^ ^ 
passage. The at least one sealing member is adq>ted to joevent the entry of 
5 foreign material into an interior region the tabular ao^^ 

According to another ag)ect of tha WBsent inventjon, a method of jmt^^t^g 
a second tabular member to a first tabular member, the first tubular member 
having an inner diamgtor pMfcBr thjm an mrtp^w^ Aim^^^ pecond tubtilar 
member, is provided that inrindesposMoninga mandrel iwrithinaninteriari^ion 
10 the second tobolar member. A portionof an interior regioii of the second 
tubular member is mresggrixed and the second tohnkr mem Wfa^ 
the mandrel into engagement with tiie first tubular member. 

According to another aspect of the present invmition, a tubular liner is 
provided that inch id ee an annular member having one or more sealing members 

15 atanendportionoftheannuiarmember^andoneQrmarepressurer^efpaasages 
at an end poirtion of the AnTn^lpr member. 

According to another aspect of the present invention, a wellbore casing iff 
provided that i n c l n d e s a tubular liner and an ^iT1Tw^| ^y body of a cured fhiidic 
sealing material The tubular Hner is fiirmed the process of eztnidh^ 
20 tubular bner off of a mandrd. 

According to another aapeet of the present invention, a tie-bai± liner to 
lining an existing weDbore casing is pnnUed that includes a tubular liner and an 
annular bo^y of cured fliridir wpaling material The tubuhnr liner is fimned fay the 
process of e xtruding the tubular Hner <^of a mandrd. Tlieannulubodty of a 
25 cured fhiidic aeaHng material is cwqJfld to thfltiilMiU^ 

According to another aqieet of tbe preaent invention, an q]^^ 
expanding a tubular member is provided that indudes a siqiport mmnber» a 
mandrel, a tubxilar member andaahoc. Tbe support member inchidesafiratfhtid 
passage. The mandrel is coiqdsd to the scqiport member. Tbe mandrel inchzdes 
30 a second fluid passage operab^ coupled to tbe first fluid passage, an interior 
portion, and an exterior portion. Tlie interior portion ofthe mandrel is drillable. 
The tubular member is coujded to the mandrel The shoe is coiqded to the tubular 
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member. Tlw ihm i nrh idffft f ^kiSrd fluid pg«aigft nparably coupled to the aecond 
fltiid pfl m>F ^ m intgrinr pnrtinn^ and an catfirior portuHL Tlie interior portion of 

thsshoeisdnllable. 
Brief Description of fhe Drawings 
5 nG.lisafragmmtaiycroas-fiecticmalviewillustratingthed^ 

section of a wen boarehcde. 

FIG.2isafragmentBzycro88-0eetionalTOwi]hi^^ 
^>^ftiipfit fff an nrparatPB fi*r c^*«"g ^ earfng within the new aection of the 
weUborebok. 

10 no. 3 is a fragmentary croaa-aectioDBl view illuatn^ 
£lnt ciuantity of a hardenaUe Ihiidie sealing 
wen borehole. 

n&3a is another fragmentary cxosHectionalviewilhist^ 
of a firrt quantity of a hardenable fluidic sealing material into the new section of 
15 the wdl bordiole* 

FIG. 4 is a ftagmentaiy cross-sectional view iDustratingtbe iz^jection of a 
second qoantity of a hardenable fhjidic Bealing material into the new section of the 
well borehole. 

FIG, 5 is a fragmentary cross oectionol view ilhistrating the drilling out <rf 
20 a portion of the cured hardenable fluidic aealmg material from the new section of 
the weD borehole* 

FIG. 6 is a cross-eedional view of an embodiment of the overlqpidng joint 
between a^feoent tabular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 fhe apparatus fivr creating a casing within a wdlbordiole. 

FIG. 8 is a fragmentary cn>88-8ectioi»l illustration of the plaeement of an 

qpandftd t^iiynhr memhar within another tubular member. 

FIG. 9 is a croae-aectional illustration of a preferred emhndiment of an 

apparatun for forming e fBning im^i^'^'^g « «iHHnW» mandrrf and shoe. 
30 FXG.Oaisarmther cross-wctionalilhistratlonofthe apparatus of FIG. 9. 
FIG. Sb is another ecoas^sectional ilhistration of the aiq»r^ 
FIG. 9c is anothtf cross-sectional ilhistration of the apparatus of FIG. 9. 
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FIO. 10a is a cnwa ogctionBl ilfautrataoii of a welOme n^M^tMr^ ^ 
ai^jaoa&t ovBrlappuii^ casiDgB. 

RG. lObisaczosB-BodioKiBlilbutt^^ 

5 FIG. 10c is a cnwa-fleet io nal l l h ist r atian of ttie pumpiiig of a fliAKp ^Uw,^ 
material into the aimnlar regioa te 

FIG. lOd is a crosa-aeetional OfasBtiation of tfaeiseasiirisiDgof the interior 
of the tubnlar member beiow the BiandreL 
10 na lOe is a croea^eetioiial illiiatraiiaa 
member off of the mandrel 

HQ>10fisacro8»aeeHanalfflnatiatiaD<tfthe^^ 
out the shoe and pai^sr. 

HG. lOg is a croBs-sec&mal iUnstration of the oonqdeted tie-back liner 
15 created usmg an eapandible tubular member. 

FIG. 11a is a fragmentaiy crosMctioiial riew ilhistrati^ 
new section of a well borehole. 

FIG, lib isa toCTent a r ycroBfr fl fytt m i a] view ilhigtara 
an embodiment of an SBparatustohangiiigatuhularl^ 
20 oftheweU borehole. 

na lleisafi^gmentazycroeaMtiondriewilinatn^ 
afirst quantity ofahanfanablefhiidieaealingmatfirid 
well borehole. 

FIG. lldiaaihg mt m t aiycroaa-aecaonalviewilfaistrB^ 
25 ofawiperdartintothenewaectimortfaewdlbcndw^ 

nG. lie is a itaigmflotaiy cxQBMecttmd vi^ 
a second ouantibr of a ImwlmiaKU opfHrm ^ 

the well bardude. 

FIG. llfisafbogmeotaxycrasB^eetiondviewilhistr^^ 
SO of the tubular liner. 
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Detailed Descrqition of tte U lus irm tive fiasbodiments 
An apparatus and method for fanning a wellbore caang within a 
sobterranean formation is provided* Tbe aiq^aratus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tabular 
5 member and a mandrel in a new section of a weDbore, and then ftitnidmg the 
tabular member off of tiie siandral by pressurizmg an interior portion of the 
tubular member. Hie qpperatns and method fiuiher permits axQacent tubular 
nygf nl >era in the weHbore to he joined usmgan overlapping joipt that preveuts fluid 
and or gas passage. T!bB apparatus and mafliod ftirtfaer penoita a new tubular 

10 rnmf pnkK^^htim\Yffwi0A\fYtm ^srigtfng faihwkir nmmhgr by erpimdtng' the new 

tubular Tnomtw iqIo engagement with the yw^iig tubular meosiber. The 
apparatus and method fiirther the reduction in the hole size of the 

wellborn casing necessitated by the addition of new sedums of weD 

An apparatus and method for forming a tie-back liner uang an expandable 

16 tubular member is also provided. The apparatus and maOuod permits a tie-back 
liner to be created by extrudiiig a tubular member ofiTofamandrel by pressurizi^ 
and interior portion of the tubular member. In this maimer, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overispping joint that prevmts fluid and/or 

20 gas passage. The apparatus and method ftntiier permits a new tubular member 
to be supported by an eadbsting tubular member by nrpanding the new tabular 
member into engagement with the existing tubular member. 

An apparatus and method for eipanding a tubular member is also provi^ 
that inchides an expandable tubular member, mandrel and a shoe. Inapreferred 

25 omiwiiiimgnt i^ tha mteriftr jMirtifffiB flf the Apparatus is composed of materials that 
porinit the interior portions to be removed uangaoonvcntionaldriaiz^ 
In this manner, in the event of a malftuiction in a downhflle T^^on, 

may be easily ronoved. 

An qpparatos and method for hanging an eqmndable tubular liner in a 
30 wellbore is also provided. Tte^iparatos and method permit a tubular hner to be 
attached to an eodsting section of cadng. The apparatus and method fiirther have 
application to the joinmg of tubular members in general 



BefiexriiigialtiaIbrtoFi0B. 1-5, an emhodhngntofan iqaparatua and method 
finr fimning a weDbare eaazig irittan « subteRaneaa fbtmation will now be 
described. A8iIIii6tratedinFig:l,awdlbarel00i8positiiniedte 
fonnationlOS. The wellboze 100 iodiides an ndstiag cased aectum 110 having a 
5 tiibtt]HrcB8nKll5«ndan8iiiiii]aroiiter]a[fBroreeiiMnkl20. 

la orderto eitendtlie weDboze 100 into the nbtartanean fotnatioii 105, 
a di^U string 125 is oaad in a weU known nuumer to drill oat material fit^ 
subternnean finnatiOD 105 to ibna a iMw aeettoii 180. 

As iDostrated in Fig. 2, n afqiaiatas 200 Itar fbcmiiw a 

10 asobternnea&fannationistfanporitiOBBdinaieiievssetioolSOoftiiewd^^ 

100. The flnnmataM 200 pr*<bni% mi mwndrri nr pig a 

tubular member 210, a shoe 215, a lower co3> seal 220, an iqiper eiv 

fhud passage 230, aihiidpa8BBgs2S5,afbiidpasBa8B240,8eab 245. andasiqq)^ 
member 260. 

16 nieesqwndable mandrel 205 is ooiqded to and si^ported by the support 
member2S0. The eqiendable mandrel 205 is pre&rablyad^ited to controllab^ 
eqiand in a radial direetion. The e^andable mandrel 205 msy comprise any 
number of conventbnal coimnm»M% wwaiUMA »«pMi«iflfrt» m»»^n>|B mnHi^^a^ \n 
accmdanoe with the tpjwhingH of the present disdceore. In a preferred 

20 Hmhodiinwrt, the e B q»aiid«hleTiimi d id 206c(«qMrise8ah3fdwilicei^^ 
disekasd m UJ3. IVtaift No. 5;M8^ ilie oonteBtB of wUcfa are ii^^ 
herein fay refemoe, modified in acondance with the of the pzesoit 

disdosore. 

nietubularmamhar210iBi iu [j|MM'UM l l<y«ia ».j Mm^B y^ii,n T,^ f elgO^ HH^p 

26 tabular member 210 is expanded in the ndlaldinetioa and otnidedo^ 
ei p a n d abb mandrd 206. The tubular mend>er 210 su^ be fkbrieated from any 
numbor of conTOntional commerdaUy available materials such as. for ezanqde. 
Oilfield Goontiy T^ibnlar Goods (OCTQ). 18 dmmhim etori t^hing f^^^^ „ 
idastic tubingteasing. In a piefened embodiment, flw tnbnlar member 210 is 

80 febiicatedfipomOCTG in order to manmixestienglil after eavBwion. Theinner 
and outer diameters of the tabular member 210 nu^tanga. for exan^le, fiom 
&Pproiimate|y0.75to47inchesandL05to48inche8.ra4ieethe^. Inapreferted 



f*mho5^^"**^^ the TTiTigr imd outdT diameters of the tubular xaezxiber 210 range from 
about 3 to 16.5 inches and 3^ to 16 inches^ respectively in order to optimaDtf 
provide mmtmfli telescoping effect in the most common^ drilled wellbore stzea. 
The tabular member 210 preferably compriaes a solid m emher. 
5 Tfi A pw i fg Frpii <wn1vwltTtMmt ^ thpt gnd fflrtion gfiO of tha tnhnlmr member 210 

is 8k>tted»perforated» or Otherwise modified to catch or dow down the mandid 2 
v^ien it conq^ktes fbe extrusion of tubular member 210. In a prefarred 
embodim^ the tength of the tubular member 210 is limited to minimifsft the 
possibility of budding. For typical tubular member 210 materials, the length of 
10 the tidmlar member 210 iaprdiaabty limited to betw^ 
In. length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The dioe 215 indndes fimd passage 240, The dioe 216 m^ 
comprise any number of conventional commerdalty available shoes sudi as, for 

16 eiample,Siq)erSeainiloat8hoe»SuperSeainDow^ 

with a poaling sleeve for a latdi down plug modified in aooordanoe with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 216 
oon^rises an ahmunum down-jet guid e shoe with a sealing sleeve for a latdi-down 
|dug available from Halliburton Energy Services in Dallas, TX, m o di fi ed in 

20 accordanrf thA tfn r bi"gg ftf tl^pfrMmt diacloBure^ inordar to optimally guide 
the tubular member 210 in the wellbore, optimal^ provide an adequate aeal 
between the interior and exterior diameters of the overlapping joint betwew 
tubular members* and to optdmally allow the complete drill out of the shoe and 
plug after the completion of the cementing and eoqsanaion opmtions* 

25 Inaprefertedqnbodiment,thesboe215indndesoneormarethrou|^and 
side outlet ports in fhiidic communication with the flnid paasage 240. In tbia 
mmyiM^ ^ th ft ahftff 81S q^w^M^y ly^fff^ WdflMlila flttidic aaalingmatarial into the 
regionoutsidetbe8hoe216Bndtobularmember210. In a ittefei ied en>bodiment» 
file shoe 215 inchidea the fluid passage 240 having an Inlet gsometzy that can 

30 reoeiveadaxtandftn^aball6eaHngmsmi)er. Bi th is manninr, the fluid passage 240 
canbe optimal^ aealedofflgrintrodudngaplttg, dart and/or ba^ 
into the fluid passsge 280. 



-8- 



llie lower cap seal 220 is ooapled to axid supported 
250. The kmer cup aeal 220 jn^wmfai farrfgn mft^oi^ mterittg the interior 
regioa of the tnbular mmher 210 a^jaflmt to flM> j»»pMwio^|^ tn^^ r-^; 205 1^ 
lower cap seal 220 taay comprise aaay number of oanvmtioiial commercial^ 
5 available cup seals such as, tor ezanqde, TP ccps, or Selective Injection Packer 
(SIP)ciq»modifiadin8oeoRlaneeirifhaetettd^ In 
aprefgredembodimept, the low er c up aBal220 comprise 
from Haimmrton EneiK7 Services in Zlallaa^ 
materid and contain a bo^r tfhdnricmiL 
10 The npper 09 seal 225 is coopled to and supported by U»Bi^^ 
250. The tipper caip seal 225 lawvegtafiBH^^ 

region of the tubular member 210. Tbet^por cup 8eal225 mayconqmae aay 

number of conventional commefeially atmghiMA wip fftf In Biif h fiY^ mwrn^ Jf.^ IP 
cups or SIP cups modified m accordance with the teachings of the present 
16 disdoeure. In a preferred emhodhmmt, the B|>per cup ^ 225 t^mj^i^ g sip 
cup, availablefinmHalliburtonEneiK^ServioesinD^^ 
block the ^xtry of foreign matwrialB and contain a bo<ty of lubricant. 

The fiuid passage 230 permits fhiidic materials to be transported to and 
from the interior region of the tiihnlar member 210 bdow the expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within tiie siqyport 
member 250 and the eipandable mandrel 205. Hie fluid passage 230 pre&rahfy 
extends from a positian a^iaoert to ttie suzftce to the bottom of the e^^ 
mandxel205. The fl uid passage 230 laprefarablypaHttfaf^ 
the apparatus 200. 

25 Theanidpas8age230iaprefierab^edaeled,intto 

operation, to transport materials audi aa drilling mnd or friwniitiCT fluids at flow 

rates and presBores ranging Ihm about 0 to 3.000 gaDonata^ 

pri in order to minimize drag on tl^ tubular mmnher hang rnn jinH mintmS^ 

BuxgepreaaureaeiertBdonfheiraUboteidiidi 

30 and lead to hole ooUqpse. 

Thefluidpasaage235penmt8fluidfcnmter]al8tobetdeaaedfromt^ 
passage 230. In thia manner, duringplaccmentofthei?ipaMtus 200 



new sectbm 130 of the wellbore 100, finidie materiab 255 forced vp the fluid 
passage 230 can be released into the wellbore 100 abo^ 
therelqrniminuzingBuqppressuresonthew Thefluidpassage 
235 is Goiqded to and positioned within the support nember 250. The IQuid 
5 passagD is further fluidk^ooiqiled to the ihndpa^^ 

The fhiid passage 235 preferably Trw*I^H<^^ a oontnd vahe for ocmtvoUaUy 
q)ening8ndcl08iBgti)efhiidpa88age236. bi a pzeftrredanbodimenti the control 
vnim is pr w mir B acBratml in ordfr tft r«wtMllAli1y wit nimi « amy ptwwmiipa The 
flnidpas8age23Si8pre&rabtypoaitioned8ubstantiaI^orthogc^ 

10 of^apparatofiaoo. 

The fbud paange 236 is preferab^ sdeeted to conr^ fhddi^ 
flow zatea and ptessuxea ranging from about 0 to 8,000 galloxu/minute and 0 to 
9»000 pel in order to reduce the drag on the aiqiaratus 200 during insertion into 
theneweectton 130 of the weUbore 100 and to mmimite surge pressures on the 

16 newwellbore section 130. 

The fluid passage 240 permits fluidic materials to be tran^rted to and 
from the region exterior to the tubular member 210 and shoe 215. The fkdd 
passage 240 is coupled to and positioned within the shoe 216 in fluidic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. Tie fhiid passage 240 loeferab^ has a erosa-aectional 
diape that permits aphigi or odser smilar device, to be 
to thereby block fiutfaer passage of fluidie materials In tide manneritiie interior 
region of the tubular member 210 bebw the ea^mndable mandxd 205 can be 
fluididjia6Iatedfromtheregionezteriortothetubularmember210. TUspennits 

26 the interior regUmrftbe tubular member 210 bdow the eqwn^^ 

to be pressurized. The fluid paasaga 240 is preferab^ podtioned aobstantiallsr 
along the oenterlineofthe apparatus 200. 

The fhiid paasago 240 is prtf erably selected to ooniwy materialB audi aa 
oemeiit» drilling nmd or qpoiiea at flow rates and pxessom 

30 to 3,000 gallonateinute and 0 to 9,000 pa in order to optima!]^ 

regbn between the tubular member 210 and the new section 130 of the we^ 
100 with ffaiidic materials. In a preferred embodiment, the fhiid passage 240 
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izichides an inlet ge<m»etX7 that can reca^ 

fa t hi s m ami er , the floid passage 240 can be sealed 

and/or baU sealisg deinentB into the ffaiid psssage 

The seals 245 are eoivlad to and sqipoitedby an ^ 
5 tubiilarxnember210.Theaeals246arefbrtiierpositi^ 
of the end portion 260 of the tiibularmeaber 21^^ Hie seals 246 pennit the 
overlapping joint between the end portion 270 of the ea^ 
260oftfaetiibukrmember210tobefhiidic^ Hie seals 245 nu^ comprise 
any nmnber of ocarvgntional cxmuogtiaBy availaMe seals anch aa, for i»rf> Tpp j^ 

10 lead, robber, Tteflon, or qw^wwlamni^ 

thepresentdiselosare. fa aprafcnediwnhndiiTOTitiflie saris 245 are^ 
Stratalockqpoy availaMe from Haiibnrton 
to optmal^y provide a load bearing in t e r fe r en ce fit betw^ 
tubular member 210 and the end 270 of the easting casing 116, 

15 fa a pre&zred embodiment, the Basis 246 are sdeeted to optxmaB^ 

a suffident fiArtional fon» to support the 

existing casmg 115, fa a prefenred embodiment, the fiaidional fort» optima^ 
provided by the seals 245 ranges ftom sbout 1,000 to 1,000,000 Ibf m order to 
optinialfy siqiport the eqsanded tubular nsemb^ 

tubular 

member 210, shoe 215^ and oealB 220 and 225. The nii>port member 250 
preferably compriaes an ammlar member having mflM!Mtnt utrength to cany th^ 
apparatus 200 into the sew aeetkm ISO of the wdlbore 100. la a praftned 
embodimat. the aiqqnrt member 250 ftartber mdodes <me or 
25 oentraiiseE8aiotlUa8tnted)tob^atafalli»fhaaniazatii8 200. 

In a praftcied endiodiment, a quantily of bibrieant 275 is pi«v^^ 
annular r^ion above the expandable mandrel 205 within t2» faiterior of the 
tabu]armembw210. InthMnummw., ai«awfcrii^rfih,4^|y,,|,,y Ht^|^ y|^^ 

oftheezpandablenuindnl205iB&eiIitatad. The hihrientOTiS ^ '^frim ffny 
30 number of conventional comnierda%awBlabletahri^^ 
Lxibripl8te,chlinineba8edItibric!ant8,oilba8edhihricant^ 
(3100). In a i»efened enbodinMot, the hifarieaat 275 compriaes GUnas 1500 



AntifliCTcOlOO) mrBfliihlofiroin n*'^*^^^"**"'^tft and F^t'T*^^*^^ ^ 

TK in order to optimal^ provide optimum taibricatum to &dliate the eipanaion 

process. 

In a pre&ned emlK>d]menty the support member 
5 prior to nmmV^ tV r CT P fi"»"g pQ^"M of the apparatns200, Ihthismanner, 
the iatrodnctaan of fiudgn material into the lOTaratna 200 is mmnniged. This 

vahes of the appantus 200. 

In fi pryffr— il m^^^twfum^^ Mnrm t%r aftar pnritimifay tfafl apparatna 200 
10 within the new section 130 ofthewdlboKe 100, a 0001^ 

dxcnlated fai order to iensure that no fineign matatisla are located witUn the 
weDbcra 100 that od^ dog up the various flow paaaages and vahes of the 

gpparwtnffCTft and tiMmmiTy t^^^^fa^g"^****^^ wifterfiweft with AwMpimwinii 
process. 

15 As ilhistrated in Fig. 8, the fluid passage 235 is then doaedandahardffnahle 
fluidic sealing material 305 is then punq>ed from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the ffipandahle inandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material S05 then exits the apparatus 200 and fills the annular region 
815 between the exterior of the tubular member 210 and the inte^ 
new section 130 of the wdlbore 100. Continued puminng of the material 305 
causes ttie material 305 to fiU 19 at least a portion of the annular regi^ 

The material 305 is ineferably pumped into the annular region 316 at 

26 pressmw and flow rates ranging, for example, fhmi about 0 to 

IfiOO gallonatoin, respectively, Tlie optimum flow rate and oporathig pressures 
vary as a flmdaon of the caatng and vrellbm sizes, wdlbore section taigth, 
piMii q^ j^ P imp in g awprfpnimt, and fluid propartlfla of the fluidie material being 
pumped Theoptimmnflowrateandqitmthigpiassurearepreferab^ 

30 using conventional enqnricalmethoda. 

1^ hardenabte finidie sealing material 305 may oonxprise any nn^ 

^n<NffltU>"<»^ CftinmfT^<>^^ niwiliihla hmrAtmtMik ihiMr aftaliTigmaterialft SUCh aS. 
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for ftiample , slag^ mix, cffWffnt or epo^. In a pr e f e rr ed emboditnent^ the 
hanhnuihla fluidic sealing material 805 CMnpriaes a Mmded cemait i»epared 
BpeciScaliy for the particular weU section being drilled ttcna Halliburton Energy 
ServieeB inDalla^. TXin Older to provide optinml 
5 while alwi TnamtainlTigoptinmm flowcharacterifitics ao as to minimis diff^iitj^ 
duiingthe dif^ilacamm tofoBmcptinttaaimnto Hie optinmm blend 

of the blended cement is prsftnUt^ determfned using conventional gm piri ral 
methoda. 

The annular r^sion 316 pnlierBbtr is filled with the material 805 In 

10 miflBfMmt O niintitiM to enmift thei, npm i ^iHal mwpp^f^ th^ ^Kt^^fty wiaiK^ 

210, the annular zegion 815 ofUienewaeetion ISOoftfaowdlbom 100 wi^ 
with material 80S. 

In a perticularjy preferred rnnhodiment, as iPostrated in Fig. 3a, the waD 
thickness and/or the outer diameter ofthe tubular member 210 is reduced in the 
15 region adjacent to the niandzd 205 hi caider c^ti^ 

apparatua200inposttianainthewem)orewithti|^cleaianc» f^^rthermore, in 
this manner, the mitiation ofthe radial expanaon ofthe tabular member 210 
during the estrusion process is optimal^ iSuaUtated. 

As llfatstratod in Fig. 4, onee the aimnlar rogion 315 has been adequate^ 

20 filled with material 805, ajdog 405, or other similar dev^ 

flnid pasaa^ 240 tfaeretgr flnid&^ iaobtiQg Che intsrior region 310 ftom fhe 
annuIarzegioii315. Inapreftoedmn hodtmwnt ynnmiphmAiMMft 
806 is then punqped into the inteior region 310 eanaing the interior regiotn to 
pressurise, hi ttisinaTiner , the interior of the e span dedtofaular 

26 not c nntaln s j gnlflrent fl WO ontsofcmfed mi it F Tlal MR . Thhiw^u^^^A ^ ^%h^^ 
ti>e cost ofthe entire process iUtofsathe^, the materid 305 nuy be used during 
this phase ofthe process. 

Once tlm interior r^ion 310 becomes su£Bdent(f pressnrited, the tabular 
member 210 isextnidedoffoftheespandablemandrel205. Duringthe extrusion 
SO pn)ce8^tbeexpandablemandrd206mayberaisedout<tfthee]qw^^ 

the tubular member 210. In a preferred wnbndiment, during the eztruaion 
process the mandrel 205 ia raised at qppnosimflte^ the aautt rate as the ta 
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member 210 is e^anded m order to keep the tabular member 210 statkmaiy 
zdAtivetotiienew«e!]bCkze8eetioiiI30^ In an altematwe prefared em bodi me nt, 
thctntrHBiCT proffgff WTm"^^*"^ with thfttMhularmgmher21QpQsitiopfid above 
the bottom of the new weDbore section 130, keeping the man^ 
5 and allowing the tabular memb^ 210 to extrude off of the mandrel 205 and fall 
down the new wellbare section 130 under the force of gra^ 

Tteplag405 is preferabfy idaoed into the fluid passage 240 1^ 
the lAig 405 into the fhxid passage 230 at a aur&oe location in a conventional 
manner. The phig 405 preferably acta to fluididy isolate the ha rdenable flmdic 
10 ftftftling Tri fltffi al gOS >m«jmMihl<i flnidle matfigial 306, 

The {dug 405 may comprise any mnnber ot cunwoUon al oommerdaQy 
available devioesfiomphigKiivafhiklpassagBSudia^ 

Cementer (MBC) laldi-down phig, Omega latch-down phig or three-wiper latdi- 
downphig modified in accordance with the teachhigs of the present disclosore In 
15 apreferredembodiment,theph]g405con9iri8e8aMSClatch^ 

from HalHburton Energy Services in Dallas, TX. 

After placement of the phig 405 in the ihiid passage 240, a non hardend^ 

f[yyi^\0^ n^fa>rti»i Mfi ift pTftfgrab^ pomped mto the interior region 310 at iMressures 
and flow rates tanging, fbr ezamide. from approz^^ 
20 to 4,000 galbma^knin. In tlua manner, the amount of bazdeoaUefiiiidie sealing 
yitof^ ai ^mMm tha intgriup 210 of the tubular meniber 210 is mfalmitrd Ina 
preferred embodiment, after placement of the phig 405 in the fluid passage 240« 

thft n wi bfiiT^"«>^i«™*«^ aofi iBprgBerab^y pumned into the interior regon 810 
at pressures and flow rates ranging fhmi ifqnonmati^ 

25 gf iifwi^ fa in ftwigjp to mMimigc the eactrusion speed> 

In a preferred embodhnent^ the apparatus 200 is sdapted to minimise 
tensile, burst, and friction effects upon the tubular member 210 during the 
espansiai process. These cflfects win be depend upon the geometry of the 
eipansbn mandrd 206, the material composition of the tubular memb^ 210 aiid 

30 i»TqmT?ftm" fn«>fii4T^ l gns, the inner diameter of the tubular member 210, the wall 
thi^ess of the tubular membo' 210, the ^ype of hibricant, and the yieU 
ofthetubularmembtf 210. In general, the thicker the watt t hirfcnfws , thfiwn a ll f ir 
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tiieizxiier dUnieter, and the gMater thejidd straogthoftte 
ttioi die greater the opecatmg pvessnm xsqoirad to ex^^ 
210 off of the mandrd 205. 

Fortiypiealtiiba]arineiiiben210,theeztnuio&ctfthetabu^ 
5 <^of the eipa n d flhlp mandr d iriU begin wfaan thepreasow of tte inteior legian 
810 zeadies, fbr esample, appsaadmatidr 800 to 9^ pel 

Daring the eitroaioaproceea. the eipandablemaiidid 205 nay be nd^ 
oat of the extended portioa of the tnholar member 210 at rates ran^ng; tor 
example, from aboutOtoSIVsee. In«pr«fimedembodiment,dariiigtiiB extrusion 
10 process the wpandaWe mundrei 205 ia ndaed out of the eipanded portfan of Qw 

tabular member 210 atrate8raagtagtoabout0to2ft/toeinorder to mfaiimTO 
the thne lequiTBd ftr the eipaniion proeeis idifle alao penoi^ 
tim CTpanawm proceas. 

TVhen the end portion 260 of tlie tubular member 210 is ectroded off <^the 
16 expa nda b l e mandrd 206, the outer soi&ee 265 of the end portioii 260 of the 

tubular meinber 210 ^ preftndiljr contact the inteiior snrfett 410 of the ^ 
portian270oftheeaafngll5tDfbnnaiifhiidti^ov«rIappingjoi^ Tbecontact 
pnanire of the overiappmg joiatmayxai^ fer emi^te, flram appra^ 
to20,000pd. InapreferTBdernhodftnent, the contact prassare of the ovCTl<CTing 
20 joiiU ni«B8 friBi qifrabiuM^ 400 to 10.000 ptf in 01^ 

preasnie to activate the ansolar rraHnff memben 245 and optimsUy provide 

teaiatanoe to axial motion to aooommodate typieal tensile and coiiq»eB8iv8 loads. 

TheoverlqpiriDgjoint between theaeetion410 of theeiistingcasbigllS and 
theaection2e6oftheeipandedtubularmember2l0pwfefBh<yprovide88gBBeou8 
26 andfluidieseaL lnap«rticularlriaefened embrii«inim» , «^.A ^^l».^ r^^^^r^^?^^T 

<qitamal^ provide a fbiidie and gaseous aaal in the oved^^j^ 

InaprefisCTedembodiment,theoperalingpteaBur8andfUmrateofthenon 
har dimaWftflnidjpmHferiB lSOeiscontroilablyranipeddowawfaentheeqianda^ 
nmndiBl 206 resdiss the end portion 260 of the tubular member 210. In this 
30 ««m«,llie sudden ideasBofptessow caused the eompteteertrusion of tte 
tubular member 210 offef the egMndsMemsndiei 206 can be minimised. Ina 
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preferred embodimeiit, the operating preasore is reduced m a wihstrnitifll ^y linear 
fashion from 10(>%toab(mt 10%duri2i2ttieaidofttieextruaonprooe^ 
when the mandrel 205 is within about 6 feet from completion of the eztnision 
process. 

5 Atteniative^,orinoombinati«m,a6bockab90iber^ 
member 250 hi onler to absotb the shock caused the sadden release of pi^^ 

shock absoiber may c umpri sci for exan^de, any conventional oommeraalJly 
available dbock absorber admitted fi>r use in wellbore operations. 
Alteniativdy » or in oombiimtion, a mandrd eatdmg str^^ 

10 in the and portfam 260 of tba tabular member 210 in order to catch or at least 
decelerate the mandrd 205. 

Once the extrusion process is nnnpH^, the espendabk mandrd. 205 is 
xemovedfiomtheweilborelOO. Ina prefex iedembod imfif i t ^eitherbefflpe or after 
the raoumd of the eq>andable mandrd 205, the mte^ 

15 overlq9ingjointbetweentlieupperportbn26O0fthetubularmemb^ 
the lower portion 270 of the camg 115 is tested using conventional methods. 

If the fiuidic sed of the overi^sping joint between the iqyper portion 260 of 
the tubular member 210 and the lowo* portion 270 of the casing 1 15 is satisfactoiy , 
t>wf^ iw yMTtfii-r pH pATtinn gf the material 305 within the expanded tubular member 

20 210 is then removed in a conventiond Tnanner such as, for example, dr nilatin g the 
uncaredmoteridoutof the interior of the expanded tabular niemte The 
monilr ftl gOfi « then pulled out of the wdlbore section 180 and a drill bit or mill is 
used in combination with a conventiond drilling asBexd>|y 505 to drill out any 
hardened materid 305 within the tubular member 210. The materid 305 within 

25 the annular r^(lon 315 to then allowed to core. 

Aa ilhiatraied in Fig. 6, preferd>^ aiqr remdning cored materia 
the intezior of the expanded tubular member 210 is then removed in a 
conventiond manner udng a conventiond drill string 505. "Die resulting new 
section of eadng 610 iT?fV^^ the expanded tubular member 210 and an outer 

30 annular 1^^615 of curedmaterid 305. Thebottomportionofaeapiwrata8200 
comprising the dioe 216 and dart 406 msy then be removed by drilling out the 
shoe 215 and dart 405 uong convenliond drilling methods. 
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In apreferred embodiment, as iOuatnted in Fig. 6, the xjpper portion 260 
of the tabular member 210 rndTidesone ormoreaeaHnymmtMan ms »nA qt 

moreiire8siirerdieflude8610. httiBmimnffr, tteoveriaBiangjoint between the 
lower portion 270 of tin casing 115 and the upper portion 260 of the tubular 
5 member 210 is jnessure^i^ and tbe pressure on the biterior and ext^ior 
siuAoea of tbe tubnbr member 210 is eqnalked duiiv tlte eartzus^ 

Lk a praGaned embodiment, fbe sealing members 005 are seated within 
recesses 615 fi)nDedintbeoiiler8iitfB0s265oftbei9iperporiiim260 «r »V 
tabular member 210. In sn attenutive pre&ned «mi«~«»««Trt the — K«g 
10 members 60S arebondedormoldedontDtiieoBtersBrftBea65ofUien|iiier porLhm 
260 of the tnbolar member 210. Tbe pressoze relief bobs 610 nepieftraUy 
positianed in the last fbw feet oftbe tabular member 210. Hie ptessnre relief 
boles radnce the operatingpressares required to eaqnndtiie vvperpMlion 260 of 
the tabular member 210. Has reduction in reqmndqperatiiig pressure in tain 
15 reduces the velodty of tbe mandrd 205 tqxm the oonqdetitm the eztnuion 
process. ThiaieductianinYdocifyintarnminimisestfaemechaniealshocktotlie 
entire ^paratus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particuba^ prefiatred embodiment of an 
appaxaina 700 &r fimdng a easing within a wellbore piefeiah^ indudes an 
20 expandable mandrel or pig 705. an espandable mandrel or pig container 710. a 
tubular member 715.afloatAoe720,alowBr cop seal 726, an upper cup eeal 730. 
afluidpaasagB786,a^hl^dpaas■g•7«^aaaBpo^tmanbe^746^aboe^y of lubricant 

760. an overdiot oonnedioa 705, anofbar snppwt nenber 760. and a stabilizer 
765. 

26 The wtpandable mandrel 70S is coupled to and snppwted by the B>q>port 
membv746. TtewqwiidiihlemBndirf 706isitaithermiipl«iiito4>^ 
mandrel container 710. Tbe eqiandaUe mandid 705 is preferab^ adq>ted to 
controUabfy expand in a radial direction. Tbe expandable msndrd 705 may 
compriseanynambttcfcanmitionalepmiiM>ri*ity«»«nAi«^n^^ 

30 modifSedinaccordancewiththateacbfajgsofthepresentdisdosure. Inapra&md 
emh o dhnent . the e xpwndwbto mandrel 705 comprises a bydraoBcexpanaion tool 
substantially as disclosed to UA Pat No. 6.348.095. the contents of wUcb are 
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incoiporated herein by reference, modified in accordance with the Uwrhingn of the 
present disdosure. 

nse expandable mandzd container 710 is coupled to and euppOTt^ 
support member 745. The eoqfiandabte mandrel container 710 is fbrtber eouided 
5 to the e9anddi>le mandrel 705. The expandable inandreleontaiiier 710 may be 
eonstmcted from any number of oonventiooai commercially available materials 
such as, for exampkr, Oilfield Cbuntry Tubular Goods^stainl^ 
hifi^ strength steels. In a pr e f ei c e d embodiment, the espandaUe mandrel 
container 710 is fabricated ficom material having a greater strength than the 

10 TinffitmftI frrr»" fniwiW mm«Wm 7ii5 « Munrm^ In this msmiBr, the 

container 710 can be lafarieated ficom m tubular material having a tUimer mil 
thidbMSS than the tidmlar member 210. TUs permits the contains 710 to pass 
thron^ tii^t clearances thereby facilitating its placeinent within the wellbore. 
In a preferred embodiment^ once the expansion process begins, and the 

15 thicker, lower strength material of the tubular meznbo' 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and siq^rted by the expandable 
nmndrel 705. TbB tubular mCTtber 715 is preferably expanded in the radial 

20 direction and extruded off of the fyptn^^i^K^f^ mandrel 705 substantial^ as 
described above with refimnee to F(gs. 1^ The tubular member 715 may be 
bbricated fimn any nuinber of materials such as» for example. Oilfield Country 
Tubxalar Goods (OCTO), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fidbricated firom OCTO. 

25 In a pre f erred embodiment, the tubular member 715 baa a substantiaHy 

onxnilar cross-section. In a particnlazly prefiarred mniww«tn<mfe^ Um tubular 
member 715 has a substantially droilar annular crosa-secttoiu 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The iqper section 805 of the 

30 tubular member 715 prefbrd^f is defined I7 the r^^^^ 

of the mandrel container 710 and ending with the tqp aectiffli 820 of the tobu^ 
member 715. The intennediate section 810 of the tubular mmber 715 is 
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preferably defined by the region begi 

ocmtamerTlOandendiogiriihtberegionmthevi^^ Hie 
lower BBction of the tubular member 715 is preferahfy defined by the r^n 
beginning in the Tidnity rfthe mandrd 706 and e 
6 tubular member 715. 

la a preferred eoibodiment^ the wnn ttd^^ 
ibe tubular member 715 is greater ttian tbe waU tbkl^^ 

and lower sections 810 and 815 the tubular member 715 in orte 

fadBate the initiation of the OTtrnrimprnc ^ 
10 700 to be podtianed in locatjonain tfaa wrfHturw hero^ tight ^Vm rm ff g, 

The outer diameter and wall thidmeas of the igper section 806 of the 

tabular number 716 mayrange, for example, from abo^ 

to2indttS»re8pectiTO|y. In a preferred embodiment^ the outer diameter and wall 

tUcknessoftheiQ)peraectionM5ofthetubuIarmember716rangefromabw 
15 tol6indie8and3/8tol^jnche8,req9ecttve]|y. 

The oater diametpr and waHt hicta i es s of the intenaediate section 810of the 
tubular membo* 716 may range, for example* from about 2^ to 60 inches and 1A6 
to 1^ indies, reqpecttvefy. In a prefeorred embodimenti the outer diameter and 
waU thickneas of the tntennediate aedion 810 of Oie tubular niem^ 

20 ftimi shouts^ to 19 indies and 1/B to 1.«6feches,respecti^ 

TbB outer diameter and wall thidmeas of the tower section 815 of the 
tubular member 715 may range, flveaanQde^finomdx^ 
to 1 JI5 inchea, reqpeetivdy* £a a prefaxedeadx)diment,timfmter diameter and 
wan tUckness of the kmer section 810 of the tubular n^ 

25 about 3£ to 19 Indies and 1/8 to 1^ inches^ l enjee Uv e^y, In a particularly 
preferrsd embodimmt the wall thidnipfw of tfie kwaariwettrm aip th» tsibsifar 
inember 716 is fiarther increased to increaae the strei^ of the dioe 
drillable xuaterials Budi as, for example, aluminum are uaed. 

Tl»tubularmember715praferah^ain9iiiaesasoIidtu^ In 

SO a pxBferred embodiment, the CTd portion 820 ofthe tubular member 7 

perforated, or otherwise m o dified to catch or stow down the mandrel Tp;; Ht 
con9lete8tfaeeartra8ionoftidmlarmamber716. In a preferred mbodiment, the 
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For typical tubular member 715 materialSp the length of HiB tubular member 715 
is preferably limited to b^ween about 40 to 20 ,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 indudes the fluid passage 740. In a pxefetred 
embodiment, the dioe 720 ftirtherindudes an inlet passage 830, ai^ one or more 
jetportaSSS. In a particulariy ptetefed embodhnfrnt, the cmiw flpctional shape 
of the inlet passage 8S0 is adqited to leoehre a lateh-^own dart^ or oti 
demenla^ fbr bloding the inlet passage 830. The interior of the shoe 720 

10 preferab^ indudes a bo^ofscdid material 840 fbr increasing 
shoe 7%. bapBrticalar|7prafiBnedead)Ddiment^tiseb^ 
compnsee yl^iu ryn^yw^ ^ 

The shoe 720 may oompiise any xmmber of conventaonal commercially 
available shoes such as, for exantpte, Siq>er Seal II Down-Jet float shoe, or guide 

15 shoe wiUi a sealing sleeve for a latdido^ldug modified in aooorda^ 

faMK^iimgB of the present disclosure. In a preferred embodiment, the shoe 720 
oon^rises an aluminum down*jet guide shoe with a seaHng sleeve for a latch-down 
plus available from Halliburton Energy Services in Dallas, TX» modified in 
aocordanoe with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the weHbore, optimize tlie seal between the 
tubularmember 715and anezistingwdIborecasing» andtoopthna^^fk^^ 
removal of the dme 720 by drilling it out after completion of the extrusion procesa 
The lower cup seal 725 is coupled to and supported the support member 
745. The lovyer cup seal 725 prevents foretgn materials from entering the interior 

25 rsgionofthe tubular member 716 above the ezpandablemandrd 706* 

cup seal 725 may comprise any mnnberofconventiopftl comTOerdaByavaflaMe cup 
seals sucb as, for eonnqde. TP cups or Selective Ix^jection Packer (SIP) cups 
modifiedinaooordaneewmitheteadiingBofthepresentdisdosuze. inapreferred 
embodiment, tiie lower cup seal 726 comprises a SIP cap, available ftmn 

80 HaUiburtan Energy Services in Dallas, IX in orte 
barrier and hold a body of hifaricant 
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Theiipper ciq> seal 730 iseoupled tomd reiq^^ 
760. TheuppercapsealTSOpKeveDtsfoxo^ 

r^gionof tiie tubular meaber 715. T1)e iq^per cup seal 730 may cmqir^ 
nmnber of convmitinnnl mnmffleialhr aroflabla cup aeala m A fm» ji^inp]^^ 
6 cups or Selective Iqieetkm Packer (SIP) ciq> modified in accordance with the 
teachingBof the present diadosure. In aprefered embodiment, the iq>per cup seal 
730 coaqiriaesaSIP cup available fromHaiihmto 
in order to optimapy profvide a ddnis bariia and contain a bodly of 

The ihiid paasBge 735 pennits fhiidic materials to be tranqi^^ 
10 frtmitheinteriorreidonof the tubular mfflnbgmhri^ 

705. IliefhtidpaaBageTSSiafbiidiclyeoi^ledto^ Hiefiuid 
passage 735 ia prefinab^ ojupled to and positsone^ 

760, the support member 745, the mandrel container 710, and the ftwj%of%^aKi^ 
mandrel705. the fhnd passage 735 preferah^fextaidsfiom a position a 
15 totheBurfecetothebottomoftheeipRndablemandrd705> The flnid passage 735 
ispreferab^po6itionedalongacenterlmeQftheapparatus700. Hie fluid passage 
78 5 is preferably aelectod to trauport materials such as cement, drillmg mud 
epories at flowratesand pressures ranring from about 40 to 3,000 gMimnhniw^^j, 
and 600 to 9,000 pd in Older to pnndde eueSdeiit opervt^ 
20 tfaetubularmember 716 off of tlmeq»andabte mandrel 705. 

As described aboro with geBBrgnca to Biga, ijr^ Airinp pb^yro m t rffltft 
appaxatua 700 within a new aedim Qfa wdBioire, ihi^ 
fhiid passage 735 can be xeleasedinto the weOboreabove the tubulw 
In a preferred e mh o dime nt, the ^jparatus 700 farther faichides a pressure release 
26 passage that is coupled to and poaitioned within the siqi^ The 
proasurerdeaae passage is fiurtherfhild^y coupled to the The 
pressure release passa^a prefonab^ mdudes a oontzvd valve &r eontxollably 
opening and do&ng the fluid passagB. In a preferred embodhnent, the control 
VBlveispresBureactivatedmordartDcantrollahtyminimiw The 
80 Preamrexeleaae passage is preferably positioned substa 

centwBneof the^B»ratu8 700. The pressure release passage is piefisrabfy 
selected to convqr materiala Budi as oeinent^ drilling mud or qx»^ 
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and pressures nsgiDg teom aboot 0 to 500 gallozifi/kiunute and 0 to 1,000 psi in 
order to reduce the drag on the appaiatus 700 during inae^^ 
of a wellbore and to siinisuze surge pressures on tl^ 

The fluid passage 740 permits fluidie matwials to be transported to and 

6 fiwi tbe regioii esterior to the tubular member 715* The fluid passage 740 is 
prefiawbjy coupled to andposittoned within the 6^ 
yitht>f^falt!^y"^^w^<*^^fa'hnlarinanher71She^ 
705. The fluid passage 740 pieforabbr has a cross-sectional dtfpe that 
phig, or other dmilar devioob to be placed in the inlet 

10 tothetrivUodcfiutherpaasagsafflnidicmatGxials. In ttds manner, the faiterior 
legion of the tubular member 715 below the sfrpandablft mandrd 705 can be 
optgftMil^ fhtiiiii^ iitftlatftd ftom the repon egterior to the tubular member 715. 
Th' ft pe™H3« tha faitetiflr regfon of the tubular member 715 below the rxpandahl e 
maadrd 205 to be pressurized. 

15 The fluid passage 740 is pseferably positioned substantiaUy along the 

centeriine of tiie apparatus 700. The fluid passage 740 is preferably selected to 
convey yrph»"ftift roch as cement, drilling mud or epozies at flow rates and 
pressures ranging fltim about 0 to 3,0(K) gaUons/minute and 0 to 9,000 pd ^ 
to optimally fill an annular region between the tubular member 715 and a new 

20 section ofaweUboro with fluidie materials* In a preferred embodiment* tbe fluid 
passage 740 indudes an inlet passage 830 having a geometzy that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed (tf by introdudng a phig, dart and/or ball aealing dements into tbe fluid 
passage 230. 

25 In aprrffTTrfl ^^1^^*^"^ ^ TpMafaiA 700 fbgAflrindtidesopaar more 
seals 845 coupled to and supported by the end portion 820 of the tubular m^^ 
715. The seals 846 are iVirther positioned on an outer axrfiafie ctihe end portion 
820 of the tubular member 715. The seala 845 pennit the overlapping jrant 
between an end portion of preexisting casnig and the end portion 820 of the 

SO tubular member 715 to be fluidi^ sealed. The seals 845 ms^ comprise any 
number of conventinal commercial^ available seals such as» for exanqple, lead, 
rubber. Teflon, or eposy seals modified in accordance with the teachings of the 
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pxeaent diadosure. In a iirefei ie d embodiiiientto the seals 845 coxnpriae seals 
molded from StrataLxt epoxf svaOable ftom Halliburton Energy Services in 
Dallas^ TS in mdet to eptimaOy pnmde a fa^dnmlie seal and a load bearing 
interfistrenise fit in the overiapping jofaot betv^ 
6 eristingcasiiMg with optimal load bearing canadfcy to aot^^ 
716. 

InapiBfinedembodiraef^ the aeab846 axBadeeted toprov^ 
frictianal force to sawort the enanded tabular mamher 715 fmm th^ m^ct^r^^ 
eating. Inapgefcgiedffmhodtmmt,thelH^ 

10 rangea from about 1,000 to IfiOOflOO Ifaf in ordar to optimaUy aopport the 
eipanded tabular meabar 916. 

The auDDort mamhar 7A6 « prgfgral^y etmpbd in flm mwp»^AM^ 
705 and the overshot eonneetton 765. The aqpport member 745 pxeferah^ 
compriaes an aTinnlflr member having sufBdent strength to cany the apparatus 

16 700 into a nevf section of a wdlbora Iteaoppc^ member 745 nucfcon^^ 
nxmibar of conventional commercially availafale support members such aa» Ibr 
example, stad driU pipe, coiled tubing or other hi|^ str«igth tub^ 
accordance with the taarhmgs of the present disdosuxe. In a preferred 
embod ime n t , the aqpportmmber 745 comprises convCTtioi^ 

20 from variouaatadmilla in the Uoited States. 

b a prefined eodKriimaaft, e bodtr of Inbilcaort 7^ 
annular region above the eapan dahle mm diel contains 7 10 wittm the interior of 
thetubularmeniber716. Inthi8mamiflr»theeztruaionafthetubularmember715 
off of the espandaWft tnandral 705 is facilitated. The hibrieant 706 m^y comprise 

25 anj number ot amventiflnal eommereialltjr available i^K^m itg aueh aa, for 
exanqde, Dibr^late, chkrine based bfaricants. ofl baaed hibricants, or CUmaz 
1500Anti8ieze(S100). In a prefiBnBdead)odiment^ the lubricant 760 oonqwises 
Climsz 1600 Antifliexe (8100) available from lUUbnrfam Energy Servieea in 
Houshm. TX in order to optfana% pmrida hifarteaiiftn tn fbHiiaf» ^^ ^^8^ 

30 

Theo^«d»tcoimection 765 is conqdedto tliesiqi^ 
sopportiiiemberTeO.- The overahot wirmiytifYii 7fig prefemhjy lyrmHg mpport 
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member 745 to be ramovab^ coupled to the 8iip^^ Theoverahot 
cozmedion 756 magr conqnise any nmnber of oonveatioiial oommetciaUy available 
overshot oonneGtioxia such as, for eKaxiq;>le> Izmmtriiig Sealing Adapter. 
Iimerstring Rat-Faee Sealing Adulter or EZ Drm Set In a 

5 preferred embodinnmt, the overshot connection 755 c nmpriiwa a Lonerstring 
Adqiter with an l^iper Guide available from Halliburtan Energr Services in 
DaIla8,TX. 

The support member 760 is preferably coupled to tto overshot connection 
766 and a sorlace support structure (not iOnstrated). The sonxirt member 760 

10 preferably con^nrisBs an axmular member having sufB^^ 

flQiparatnaTOOintoanewsaction ofawenbore. Hie wvport member 760 may 
comprise any number of conventfimal commercial^ available support members 
Biich as* for exanqde, steel driU pq)e, coiled tubing or other hi^ str^^ 
modified in accordance withthe teachings of thepream t difrir fflu ra Inapreferred 

15 embodiment, the siQ^ortmember 760 compiisesaconventionaldr^ 

from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 

stabiUxer 766 also pief eraUty stabilizes flie conqwnenis of the apparatus 700 
within the tubular member 715. The stabilizer 766 pceferab^ comprises a 

20 spherical member having 8Q outside diameter that is about 80 torn 
interior diameter of the tubular member 715 hi order to optimalbr m 
bucUingoftfaetubularmember715. The8taUlizer76Bmaycompri8eangrnnmber 
of conventional oommerdally available stabilizers sudias^ 
Star Guides, paitor shoes or dragbloclmmodifiedin accordance with^ 

25 ofthepiesentdiadosuro. InapR£Bnredembodtanent,tbestabito 

a «>ftHiig adapter upper guide available from Halliburton Energy Services fax 
Dallas, TX. 

In a prefened embodiment, the support members 745 and 760 are 
thOTou^deanedpri» to assembly to the remaining portion 
30 700. In this manner, the faitroduction of forrign material into the ^qwra^ 
isminimized. TWs minimizes the poesibili^y of foreign material 
various flow passages and valves of Uie ^^aratus 700. 
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Li a prefecred embodiment, befinre or afier posHmdng the i^ypaz^tos 700 
within a new eection of a weObore, a ctraple of wdlbme volumes axe circulated 
throui^ the variom flowpassas^ of the apparatus 700 in 0^ 
foreign materials are located within the wcll^ 
5 flow passages and valves of the qipaeataB 700 and to ensure that no foreign 
material inter&res with the eq»naion mandrel 705 during the ei^^ 

In apreferred embodimant the appaiatna 700 ia opmatad ai ^t antjniiy an 

deacribed diove with refieraifie to FIgB. 1-7 to forma new aectto 
awelUxne. 

10 AsilhistCTtedinFi^8,inanalfarnathepreffa^ 

and apparatiia described herein is used to repair an existing weObo^ 
by fbrndng a tubular liner 8104nside of the ensti^ Jna 
piefeiieJ ffmhodiniflnt, an outer annular Kniny of eemant ia not pr^^ffi ^ fa thf 
repaired section. In the alteniative preferred embodiment, aiyiiumber of fhiidic 

15 materials can be used to expand the tubular liner 810 n^^ 

the damaged section of the wrflbore casing suti as» fbr enunpta. cement, 
slag mir, or drilling mud. In the alternative preferred embodiment, sealing 
membmSlS are prefbrabibr provided at both ends of the tubular 
to optimal^ provide a fhudic seal In an altemative preferred embodiment^ the 
20 tubularlinarSlOisflninedwitfamahorisonlalfypodtioned 

asttose u sed to trani ^ po rtbydi vcaib o naor water, with flietnbuto . 
in an overlappingr elatifmahip with the adjacent pipeline section, Inthismanner, 

underground lapelines can be repaired without handng to dig 0^^ 
damaged sections. 

25 In another ahernativB preferred embodiniant, the method and appara^ 
deecribedharelnisusedtodirectbrHneawellbarewithatub^ Ina 
prefernd rnibodimcn t^anotttBrannnlarliningrfcementianotp 
thetubtthffUnerSlOandthewellbore. Inthealtam a iJwii ja ifo F^^ i mniwiimynt 

any number of fhiidtc material can be used to eq«nd tiM tidra^ 
30 mtimate contact with the welIboie8Udias.te 
drilUng mod. 
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Referring now to Figs. 9. 9a, 9b «nd 9c, « preferred embodiment of an 
apparatUB 900 for forming a weQbore casing inchides an eipandihte tubular 
Tti mnhgr Qft2, fl wippfwt mgmher 904, an pgpandiMe mandrel or nig 906. and a shoe 
908. In a pzefemdttDbodiment, the &dgn and construction of the 
5 andshoegOBpennitaeaqriemovalofthoseelementsliydrfl 
xnannar, the assanb^ 900 can be easily removed from a wellbore using a 
CTn^^^j<ymil HrfHing i^ppagfttais and corresponding drilling methods 

Thft fry pwTviiW fl faihnliir mgmher 902 jgeferably indudes an upper porticm 
910,aninte(nnediateportion912aiidalOMrportw DoringqpeiBtionoftba 

10 iCTaratna 900, ttetidwlaringhbgr 902 18 prefer^ 

906 by preamzridng an interior region 968 of the tabular member 902. The 
ttdiolar maifl)er 902 preteab^ has a substantia 

Xnaparticolaz]yine&rredend)odhnen 
isanqdedtotheupperportionOlOoftheeqpandabktubuto During 

16 operationoftheappazatua900»tbetnbularmember916isprafer^ 
of the mandrel 906 by pressurizing the interior r^cm 966 of the t^ 
902. Thetubularmemb6r915preferab)yha8asQbstantiallb^annularcross-Bec^ 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall thickness of the tubular member 902. 

20 Hie tubular member 915 may be bbricated fram any mmibar of 
conventional oammerdally available matmala audi as» fiir emmpte , oilfield 
tubulars^ low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubultf member 916 is fabricated ftom oilfidd to 

provide approrimately the same mpchaniral properties as the tubular member 902> 

25 Inapartieal8r^pEefteedanbodinient>tbetubu]a^ 

point ranging from about 40.000 to 135,000 pel in order to optimally provide 
approzimatdytiie8ameyiddprq)ertie8 as the tubular m Hie tubular 

member 915 may comprise a plnnlityoftubularinembere coupled end to en^ 
In n profrr^^ flm KnHimwnt^ thi% uppgr md portion of the tubular member 

SO 9l5inGhide8oneorinore8ealingBiembersforoptimalIypv^^ 
gaaeous seal with an eristing aedian of wdSxm caaing: 



in a p ra fe mid embodiment, the ooznbmed length of the tobalar inembers 
902azid915aiel]mitedtomiiumuethepossi^ For typical tubular 

member matPrialB, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,(X)0 &et in bngth. 
5 The lower portion 914 oftbe tabular inembar 902 18 imfierab^ 
the dioe 908 17 a threaded OGDneetton 968. The intenuediate portion 912 of the 
tubular member 902 pre&rd47 ^ placed in intimate aliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from my number of 
10 conventianal commercial^ available g^i. gadi e% fisr Aiiim^ f 
tubuIaraikmaUoyateela^titanfaunoratBhileaBatecia. InaprefienedembodinMit, 
the tubular mendi>er 902 ia fUoieated from oiUd^ 

provide approximately the ffiTnemerhanifBl properties aa the tabular member 915, 
In aparticularly prefenred embodiment^ the tuhnkrmflmhflr ang h^t^ ^ plagtff yield 

15 point rangmgfixmi about 40.000 to 136,000 psi in (»der to 

appronmately the aame yidd properties as the tubular nionbcr 916. 

TbB wall t hictaies s of the igiper, inte rmedi a te, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, Sn* ezamide, fkom about ^ 
inches. In awrfgnBdmrihnditnwnt, thA wall fhi^im^p the upper, intcamcdiflte, 

20 andlowgrDortiflna.910, fliamiid fliAnfAAfatimWTy^^ffr pff?^ rangg from flbont 
1/8 to 1^ mordertooptima% pnmridii^Tl tMi>ii;wf^ t^f>t ftry nbtmt the gmnr nc 
the tubular membor 915. In m pmferw>il amKm^jmim^ f:^ii%im^ of the 

towtt* portion 914 is leaa than or equal to the watt thidoiesB 
910 in order to optiniaQjr provide a geometry that will fit faito ti^ dearances 

25 downhole. 

The ou twr di amet e r of theupperpfate rmediaiy, e nd lower portions, 910, 912 
and 914 of the tubular mnnber 902 may nngi^ fiiresanqde^ frmn about 1.05 to 48 
inches. InaprBfiBgiedfmbndiTnent,thftmfto>rfti^^ 

and lower portions, 910, 912 and 914 of the tubular member 902 rangefi^ 
SO 3 K to 19 inches hi order to qytimalty provide fiie abOily to the most 

commonly used oilfidd tubulars* 
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The length of the tii friii<»y member 902 is preferably is^itoH to between 
about 2 to 5 liBet in order to optimally provide enoui^ length to contain the 
mandrel 906 and a body of hibricant 

The tubular member 902 may coxnpriae any number of conveatiottal 
5 rfrntmmm tiny A^iliihle tuhular membcrB modified in aocordaiice with the i mrhmm 
oftheinesentdiaclasaxe. In a preferred embodinrnt^ the tabular member 902 
oonvriBesQflfieU Country Tubular Goodaa^ 

TV iBiViiigy -miimlmr SIS may cmnpriflB any number of convBntional commerdalhf 
available tubular monbers modified in aeoordanoe with the teapMngB of the 

10 prfffiPt^^frlffff"'*^ ^ j iii ifiw wMi mm h^w^mtt^^ f> ii >«iitmT» iii«nhgraiKeMppgfaea 

(Mmdd Cbuntry Tubular Goods araOabk fitmi veri^ 

TbevariouBekmentaofthe tabular meniber 902 may be Gou^ 
m im^y of conventional p roces B such as, for emmple, threaded connections, 
welding or TnA<*hinfl<i from one piece. In a preferred embodiment, the various 

15 elemnts of the tabular member 902 are coupled using welding. The tubular 
member 902 may compriae a plurality of tubular dements that are coupled end to 
end Tbe various elements ofthe tabular member 915 may be coupled ufltx^ 
number of ccmventional process such as, for eian^, threaded connections, 
welding or maebined from one piece. In a preferred embo diment, the various 

20 elements of the tubxilar member 916 are coupled using wdding. The tubular 
mendier 915 niay comprise a phirality of tabular elemento t^ 
end. The tubular members 902 and 915 may he couided udng ai7 numto 
conventional process such as, for eiample, threaded connections, welding or 
machined from one piece. 

25 The support membtf 904 prefiBrablyinehides an inne^ 

a fluid passage 918, an iqqpor guide 920, and a couidhig 822. During operation 
the q^Mratus 900, the support monber 904 preferably supports the 
during movement of fbeqEvaratns 900 withm a weOboxe. The support member 
904 prefoably has a substantially annular cross-section. 

SO The support monber 904 may be f ab ri cated from any number of 
conventional oommerdally available materials sodi as, fyr exanqde, oQfield 
tubulars, bw allay steel, coiled tubing or stainless steeL In a preferred 



embodiment, the m^pott monber 904 is 
to optimally provide high yiddetrengtlL 

The iimmfaniig adqilor 916 prefierab^ is coupled to and siqiported hf a 
conventional drinatriiigeiQiportfiam a Bin^ Theinnerstringad^tOT 
5 916 magr be coqpled to a amventKoal drill string siqipcnt 971 by a threaded 
connection 970. 

ThefhddpaasBgBdlSiaprefinab^naedtoamveyihu^ 
toandftonithea]}paratoa900. InapreftmdeAbodiment» the flnid passage 918 
is fhiidic^coiyled to tteflnid passage 982, InaiHnfierndembodiinent,thefliiid 
10 naasage 91B ia naad tp tmimf li«AwMaKia fMAi^ ff tjng mittTrp«i« ^ fhm the 
q9a»tes900. In a particDlarty preferred imibodhnmit,tibe 
indttde one or more pressoie rdisf passages (not illustrated) to release fluid 
presairednringpO8itioningQrtheapparatDsl900 within amllbore^ fuaprefeiTed 
emb od imen t, tte floid passage 918 ispoaitioned alonga tonptaidinfll ftwit^rHTift of 
15 the apparatus 900. In a ps«fored embodiment, the fhiid passage 918 ia sdected 
to permit the oonvsTance rfhnrdwiahle flnidic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The iqqper guide 920 is coiq^led to an iqiper p^ 
904. The upper guide 920 pre&rah^ is adq)ted to center the support mem^ 
20 ifithin die tabular member 91S* The iqipergiilde 920 inaj comprise any number 
of conventional guide mmnbers niodiM in aooordaime irith tl^ 
present disdosure. In apreftnede mh ndfm e nt, thanmcr gnMa flgfl wiprigea an 
innerstringad^vteraroilahle from Halliburton Energy Services in 
to optimal^ guide the appanitua 900 withhi the tubular inember 91^^ 
25 llie coupling922coupks the support member 904 to the mandrd^^ The 
coupling 922 prefaabltrcomprisesaconventt 

The various elements ofthesiqqportmeinber 904 inay be CO 
number of conventional processes sudi as, for eaanqde^ weldiog; threaded 
co nnaction s or machhied from one piece. In a pref er red embodiment, the varioua 
SO demaits of the wpport member 904 are coupkd naing thrcadAH iwin^mt^ 
The mandrel 906 prefierah]|7 ixttfaides a retainer 924» a rubber c^ 
eipanmon cone 928, alower cone retanier 930, abodbr of cement 



934» an eztenston deeve 036, a spacer 938, a housQ^ 

xippor r^ tsifa^ 944^ 1^ l^brtrator mandrel 946y a hibricatoralfieve 948^ a guide 

950p and a fluid paaaage 952. 

Tlie retainer 924 ia ooapled to the habri^^ 
5 948* and the rubbtf cup 926/ The retainer 924 0(nq>Ie8 the rubbered 
hibriotor deew 948. Tbt retainwr 924 preferably has a wibBtanBally annular 
CTOflP-nertten- The retainer 924 may oonvrise aoy number of conventional 
oommerciaQy available retainers such as, for example, slotted spring pins or roll 
irin. 

10 The rubber C19 926 is coqiled to the retainer 924, the hibri^ 

946, and the lubricator sleeve 948. The rubber cup 928 prevents the entry of 
(Hyrftign Tt !«»^*^«^*^ intorifir t^egton 972 of the tubular member 902 bdow the 
ruUMrciq>926. 'nm rubber cup 926 m^y comprise any number of oonventtonal 
commerdallty available rubber cups such as, for example, TP cups or Sdecttve 

15 Izgection Packer (SIP) cup. In a pr e fe rred embodiment, the rubber cup 926 
con^xrises a SIP cup available ihmi Halliburton Energy Service 
Older to optimal^ block foreign materials. 

In a particular^ preferred embodiment, a bo4y of lubricant is fiiriher 
provided in the interior region 972 of the tubular memba*9(l2inorder to 

20 the interflm between the exterior surfim of the mandM 902 and the intflrior 
snr&ce of the tubular memben 902 and 915. Ibehibricantmsyccmipriseany 
number of conventional commercially available lubricants such as, for example, 
Lubr^lflt?, rWim"^ Wff*^ h^hi ri^ H i ^^'^ hibrigaBtaoraimax 1500 Aeitisdae 
(3100). Inaia^teedembodiment>thehibricantconipri8es<}lim^ 

25 (9100) ffv ipibiM^ »iyw^ C?fwM" Tfflbrfm^ ^^f^ Rpripment Co. fai Houston, T8L in 
order to (^rtinmUy provide hibrication to fadliate^ 

T*^ «wp«mrffm ftwnft gft rfwipled tntihekwgergone retainer 930. the body 
rfoament 932, tim lower guide 934» the extenston deeve 936, the 
the ivper cone retainer 944. In a preferred embodiment, during operation of the 

SO eppfirttt^^ff 900, the tubular members 902 and 915 are extruded off of the outer 
marfhoe of the expansion oone 928. In a preferred coibodimeot, axial movement 
of the eqsansion cone 928 ispreventedlgr the lower cone retainer 980, hou^ 
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and the upper cone retainer 944. bner radial inovement of tlieeiqianeicm cone 
928 is prevented b7 the bo47 of cement 932» the houBing 
retainer 944. 

The wqpmimon cm>e928preftrabjyba8afw h ^ 
5 The oataide diameter oftheexpanfliim cone 928 is indi^ 
aconeahape. Hie waU thickness of tbe eqwiaion cone 928 m^^ range, for 
example, from aboat 0.125 to 3 incfaea. b a pzeOned embodiment, the wall 
thickness of the eiqsenaimeone 928 rangea from almitOJiS 
to OPtimalhr PWwidB adaonate CQmpregriiwa atrangtti with mmwiial wFyitf^f^^} 
10 m&^iikUAkiandmlninnimoutgidadiaTnflfm^ rrmn w^gy 

&rexample,frDmaboutlto47 inches, f n ^ p ^ift»w « ii ^h^wifir^ t^ tf,^ ma T^*^^ 

and mtnirnmn oataidediameteCTofthe eipansIon cone 928 range from 
to 19inordertooPtnnapvpgovidag«pmaifm flfgmawi%i«ri>aflKUr^tfi^^^,]ynW 
Tlieezpanmon cone 928 may be fabricated fitmiaiqr number^ 
16 oommereiaUy avaflable matmals such as> fiy enmnle- eeramic^ tool ateel, tt timiiim 
orbwaBoysteeL In apr^erred embodiment, the e^iansianocme 928 is fsl^^ 
from tool steel in order to optimallly provide hts^ strength and abras^ 
The sut&ce hardness ofthe outer siititoof^eqianaion cone 928 may range^ 
ezam(de,fi0maboat5OBodkwellCto7OBocfcivenC. In apiefisned embodiment, 

20 the smfrtce harrtneaa of the ontar mAeft mf th^ jMfp M ^ffl m 9/9^ r*^ g pfl ftqm 
aboot 68 BocftmU C to 82 Bodnren C in ovder to c^^^ 
strength. £aapTCfeRedembodinient»theeq»naianoQne928iaheat tre^ 
0ptbna^y provide a hard outer surfiM and a raailien^ 
(qptima% provide aboraaion reaiatanoe and fractwe 

35 Tlie lower ome retainer 930 is cot^^ to tibeaxpanaiono^ 

hofusbigSM. In a preferred fmh odfannn L aadal mnwimmt nftha ■»p«««i«« 
828 is prevented hy the lower cone retainer 930. Pxeferably, tba lower cone 
retahiar fiflo tma » ■mKui^^^bUj. mmnlnr frnnn otctiop- 

Tba lower ome retainer 9») may be fiai»icated fiom an? unmber of 

30 conve ntionBl cQnanareiany wailahla m»feBpl>| ^ g^rh *»*, ftw^wrtpif ctt pmit.. tor>^ 
steel, titanium or low alloy steel In a preferred embodiment, the lower nine 
retainer 930 ia &btieated from tool atael in order to cptimally provide Ugh 
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strezigthazkdahnBOziresistaxice. The wnface hardnpfw of the ofuter sarface cyf the 
lower oone retainer 830 mj^ raogep fisr eia^^ 

BockwdlC. In a prffrrrri rm>^^r«imt, thA mirfagg hMdngaa of thg outer gmrOftge 
ofthek}wer cone retaizier 930 ranges from about 58 Bock^ 
5 moidertooptiaiallyprovidehi^yiddgtgengB^ In a prefer red einfaodunant, the 
lovper cone retainer 930 18 heat treated to optima^ 

^ i wriiimit intarinr hoAf tn order to optimflllv provide atoaaiaa reaistance and 

fracture tougjineaa. 

fa ft p,^iffrpp4 amlifiilSmmt^ :^ tim WwftT gene yfltftjner MO and the wpanaimi 

10 oone 928 are finmedaa an integral Qine-pieee dement b 

of eon^Kmanta and increaae the ovecatt alicQgtti of t3>e in^aratu Tbeonter 

ainfooe of the lower cone retainer 980 prafiBral4ir 

the tubular membera 902 and 915. 

TbB body of cement 932 is positioned within the interiw of the mandrel 906. 
16 The body ofcement 932 provides an inner beaxingetxucture to 

The body of oement 932 further may be easi^ drilled out using a conventionai drill 

device. In this manner, the mandrel 906 may be easily removed using a 

conventional drilling device. 

TbB body of oement 932 may oonqprise any number of conventkmai 
20 rftmrrtiwrjutly jiiriiiliihlft eemcnt gnmpoimdfl> Alteniativeiy«ahiintnom.caBtironor 

tfmlft1rthfr^llfiWf^ 1*^"«^ *^p^^^l^ 

forcement The body of oement 932 prefierab^y baa a su bstan t ia lly annular qroaap 
section. 

The lovver guide 934 is coupled to the eztenskm sleeve 936 and hooshig 940. 
25 I>uring<9erationoft^ apparatus 900, the kmerguid^ 

the movement of the mandrd 906 within the tubular member 902. Tbe lower 
guide 934 preferably has a s nbstantislly annular cro ss wcti o n ■ 

The lowor guide 934 may be fabricated from any number of conventional 
oommerdBlty available ^^^^4^1^ ^ich as, for example, oilfield tubulars, low alloy 
30 steel or stainless steeL In & preferred embodiment, the lower guide 934 is 
fabricated from low alloy sted hi order to optimal^ provide hi£^yieMstre^^ 



The oater surfisoe of the lower guide 9S4 preferabfymates with the inner surface 
of the tubular member 902 to prorate a dld^ 

The ertCTsion sleeve 936 is coupled to the lower gu^ 
940. During operation of the qipanrtiu900»tl^ 
5 h^>8 guide the movement of the mandrel 906 witUn the tubxilar memb^ 902. 

The ftrtenaion deeve 936 may be bbricated ficmn any number of 
conventional conunerdaQy availaUe materials such as, for oilfield 
tnbulara. low alky steel or stainless sted. In a pieforad embodiment, the 

10 f gtpn B lonrfe eve936isfiJiricatedi^ 

highyieldstractlL TheootersnrfiBraoftheextenskmsleeve^piel^^ 
with iha inner surftce of the tubular membor 902 to provide a didin^ Ina 
preferred embodiment, the extensbn deeve 936 and the lov?^ guide 934 are 
formed as an integrd one-pieoe element in order to minimize the mmiber of 

15 componeDtB and increase the strengthen the apparatus. 

The spacer 938 is oou|ded to the sealing deeve 942. The spacer 938 
preferabfy inchides the fhiid passage 952 and is adapted to mate vTith the exte^ 
tube 960 ofthedioe 908* In this manner, a phig or dart can be conveyed from the 
surfiBboe thrmgfa the fluid psssages 918 and 962 into the fluid passage 982. 

20 Pve&rabty, the apaosr 988 has a substantial]^ anmalareross-eecti 

Tbe spacer 938 may be fabricated ftom aiqr number of conventional 
commercianbr available materials sudi as, for example^ steel, ahunxnnm or cast 
iron. Inapreferred6mbod]ment,tfaeflpaeer938i8ffliricatedfh^ in 
ord^tooptimalltsrprovidedrillability. Hie end ofihe spacer 938 praferaUy mates 
26 with the end ofthe extension tube 960. In a itteferred embodiment, the spacer 
938 and the sealingdeeve 942 areformed as an integrd one-piece elementmon^ 
to reduce the number of compongits and inerBaae the atrength nfthtk f ppflrfl^1ff 

The housing 940 ia coupled to the kwer guide 98%, erte^ 

expansion cone 928, bo^yofcement 932, and lower cone retainer 830. During 
SO operation of the ^iparatus 900. the housing 940 preferably priivmfai ^Ma\ 

motion ofthee^pandonootte928. Prefenhly, the housing 940 haa a substantiaUy 
annular cross-aectiim. 



.ss- 



The h<w^yw^ 940 may be fabricated firom any munber of conventional 
conunerdBlIy available materials such as, for example, oilfield tnbulazs, low aDoy 
steel or stainless fited. Inapgrfencdembodiinwit>thehonaingWis 
from low aUoy sted in order to optimally provide bi^ yield stmigth. In a 

5 prfferifi? i»">^"'»"* 
arefonaed as an integral one-pieoe demsnt in order to minimise the number of 
eonqxmentB and increase the strength of the apparatus. 

Inaparticolar^ypmferzed embodiment, the interior 6^ 
940 faidudes one or more protrusicms to fitcDiate the connection between the 

10 housing 940 and ttiebo4]r of cement 932. 

The "i^oting deeve 942 is coupled to the support member 904, the body of 
eement932,theqMeer938,andthenpperooneretainer944. Doling operation of 
the aiqMratas, the sealing sleeve 942 pref erab^ provides support for the mandrel 
90& The sealing sleeve 942 is prderably coupled to the siQiportm^^ 

15 the coupling 9^. Pxc&EBb^, the sealing sleeve 942 has a substantial^ annular 
cross-section. 

The «Hiittig sleeve 942 may be fabricated firom any number of conventional 
commerdally available materials such as, for example, steel, ahonizmm or cast 
iron. In a p r et errcd embodiment, the sealing sleeve 942 is fibricated from 
20 yi iitniiiwm in flrdflT tn optimally profwde drfllability <rfthe sealing sleeve 942, 

In a paitieulariy pieforxed embodimant, the outer snxfiKe of the sealing 
fltegve 942 indx^^ more pwrtrosiong to faciliate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are mtegraUyfonned as a oxie-pieee dement bi order to minimise tte 

number of components. 

The qpper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. Durhigopecation of the apparatus 
n jipDir en n ft T«teinflrB44pgefigabivnrevents axial motion of theexpanaion 
30 cone 928. Preferably, the upper cone retainer 944 has a substantialty annular 
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Tbm iQipor oone retaiser 944 may be fisMcated from any number of 
oonyentional conunerdal^ available iMterinls audi aa, Ibr example, ateel, 
abmunumoreaatinnL In a prdbrredendiodiinait, Supper cone tetaiw 
ia fabric a t e d from ah nnimnn in Older to optimally proro^ 
5 coneretal2ierM4. 

InaparBcnla^ptefarradfmhodfmim^ 
crofis-aeekkioal ahqie derigned to provide bu^ la a partioilatty 

prefiarred embodiment, tbe nimer enna retajngr ft44 baa a em»u wHn tyfl| Aa p^ 
that ia auhatantlaPy I^ahaped to provide increaaed zigidity and minimise the 
10 amoimtofmateriaiauitvnmldhtvetobediflledoiiL 

Tbe bifarieator mandrel M6 ia ooivled to the letainer 824, ^ 
926, the upper cone retainer 944, the hibricator aleeve 948, and the guide 950. 
During operation of the qpparatoa 900, the faibricator mandrel 946 prefaab^ 
containa the bo^jr of lubricant in the annuhff region 972 for lubricating the 
15 interface between the mandrd 906 and the tabular member 902. Pre&rabt^, the 
hibricator mandrel 946 haa a 8id)atantial]|7 annular croaa-aection. 

The hibrfeator mandrel 946 may be fabricated from any number of 
conventional commerdaUy available materiala audi aa, for example, ateel, 
ahnnfammorcaatinm. In aprefeoedembodhnent, tbe kOnicator mandrel 946 ia 
20 fabri cated ftma ahrmimnn to order to optimal^ provide drillability of the 
bibricator mandrd 946. 

The hibricatm aleeve 948 ia coi^led to the hilnicator mandrel 
retainer 924, the rubber cop 926. the cone retahier 944, the hifa^ 
948, and the guide 950. Daring operaticm of the qqperaiua 900, the hibricator 

26 aleeve 948 prefarabtyaupporta the rnlAercu^ Preferably, the lubricator 
d0««i om « iimlmttmtinUr imimlnr rmini wrnon 

The hibricator deeve 948 nugr be ibbzieated from ai^ number of 
conventional oommerdalfy avaOaUe matariala auch as, fbr example, atoel, 
ahiminumorcaatiron. In a preferred embodbnent, the hibricator aleeve 948 ia 

30 fabricated from a him in m n m order to optimaQ^ provide drfflabOiiy of the 
hibricator aleeve 948. 



As ilhxfitrated in Fig: 9c, the lubricator akeve 948 is supported by the 
lubricator mandrel 946. The hibricatcr sleeve 948 in tnnxsapports the rubber cap 
926. lliezetaiiier 924 couples the nibber cup 9% tote In 
a preferred einbodimeiit» seals 949a and 949b are jHfOTided be^^ 
5 mandrel 946, hibxieator8leefve9tt, and ndiberoq) 926 in 0^ 
offtheinteriorre^on 972 of the tubular inember 902. 

The guide 9S0 is ooiQkled to the tubricstor ni^^ 
andtbehibricatordeeve948. DuringopeEationofibeq^pantas 900, the guide 
gSOpre&rab^ guides the apparatus on the soiqKttt member 904. Prefienb|y, the 
10 guide 950 has a snbrtantially annular croso-ooctian. 

The guide 9B0 may be fiabricated firom any number of oonmitional 
oommerdaOy available iio««>ri«i» such as, for example, steei aluminum or cast 
iron. In a pr e fe r i ed embodiment^ the guide 9S0 ia fabrirated from wlumironn 
order to optimally provide drillabiUty of the guide 950. 
16 Hie fluid passage 952 is coq ded to the mandrel 906. During operation of 
the apparatus* the fluid passage 952 preferably conveys bardenable fluidic 
Tp pt^w^nift In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is ad^ited to convey bardenable fluidie materials at pressures 
20 andflowraterangingfiomabout0to9,000psiand0tod,000gaUonaAmini^ 

to optimally provide prsamires and flow rates to displace and drcolatefhiidn during 
the installatbn of the qyparatus 900. 

The varimis elementa of the mandrel 906 may be ooqded using aq^ 
of conventional process such as, for example, threaded connections, welded 
25 connectiansorcementi n g. Inaprrferredembodigmt^thevBrionselementBoftte 
mandrel 906 are cou^ded using threaded connections and cementing. 

The shoe 908 prefierably incfaides a boueing 954, a bo4y of eeme^^ 
sealmg sleeve 958, an extension tube 960, a fluid passage 982, and one or more 
outlet Jets 964. 

30 The h0using954 is coiqded to the bodty of cement 956 and the lower port 
914 of the tubular member 902. During operation of the app ara tus 900, the 
houaing954prefierab|yeoaple8 the lower portioii of the to^^ 
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shoe 908 to bciUtate the otnisim 
Pnfezabtr> tbe hoiufng 954 has a snbstBZ^ 

The hooBiDg 954 may be fUnicBted from any zmmber of conventional 
canmwMn eial^y avagaMe mataaela miA ma^ for emmpl^ K±mml or m hm^nnn^ in a 
5 prefixed embodiment, the hcma^ 

In a partieala ri y p te fen e d fflnhndiment, the interior anrihce of the housing 
9S4 h ic h i dtfaone arm oi 0 pro tru8ianatofittiliatetfaeconnec^^ 
of cement 966 and the hooafaig 954. 
10 llmhedyiifcB m iM itft Migflgiiplrf 

958. Ihapreferied-embodiment^thec omp oBiaonofflie 
eeleeted to pennit the bodty of onentte be eaaily drilM 

Hie oonqKMotion of the bo^y of conent 956 may incbide any number of 
16 conventional cement compoaitions. In an altttnative embodiment, a drillable 

materifll gtuA far timnpU^ uhnmnt^ ^ {ynyi \^ BUhfltltnted for thC bodj 

of cement 956. 

The eealing aleeve 968 ia coupled to the bodbr of eemoit 956, the 
tube 960, the fluid passa^B 962, and one or more outlet jets 964. During operation 
20 oftheannmtua900,tfae8Balhigfllem 

hardenablefhndic material Ihmi the ffaiid passage 9fi^ 

and then into the outlet jeta 9B4 ia mdap to iqjftct tha jift rf^a^ to f!nM<i» m 

into an annular region eartanial to the tubular member 902. In a preferred 
embodiment^ dnringiqieration of the qipBntn8900, 
25 inchidea an inlet gBometiy that pennftaaconyenUoaalid^ 

lodged in the hdetoftheaealingdeeve 968. In thia manner, the flnM passage 962 

mqr be blocked therdsyfhiidic^iaolating the interw 

memb»9Q2. 

Ici a inefierred embodiment, the sealing aleeve 958 has a subatantiaUy 
80 annoJarcroaa-sectian. The8ealing8leeve968maybeia)ifcatBdte>manynnmbe^ 
of eonventianal commercial^ available matoiala audi aa, for eiample^ ateel, 
a hnumnm or caat iron. In a praC B Med embodiment, the aeaUng aleeve 958 ia 



ftbiicated from ahiminuzn in order to ffpthnitlly pny*^**^ rft^lltthiKiy tiw ■g»^ifng 
stesvB 958* 

The extension tube 960 is ooiqded to the eeaiing sleeve 958. the fluid 
passage 962. and one or more outlet jets 964. Dozingqpefstionoftheqpiarat^ 

5 900, the erteaifflon tube 960 preferably ia adapted to convqr a hardenable flnMic 
material from the fluid passage 9S2 into the fluid passage 962 and then into the 
outlet jeta 964 in order to hqect the hardenable fioidic material into an annular 
regbn external to the tubular member 902. In a preferred embodiment, during 
operation of tlie ^q>aratus 900, the aeattng sleeve 960 further indudes an inlet 

10 geometry that permits a oonventikmalphig or dart 974 to beeome lodged in the 
inlet of tibe sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
therd^fluidicty isolating the interior r^ion 966 of the tubular m In 
a pieferied embodiment, one end of the extension tube 960 mates 
the spacer 938 in order to optimally iadliate the transfer of n^ 

15 two. 

In a pie&rred embodiment, the eztenaion tube 960 baa a substantially 
^wtmiiiy fnmn orrHon The extension tube 960 may be fiabrieated from any number 
<^ conventkmal commercially available materials audi as, for esamplOy steel, 
^h^hmwwt or cast iron. In a preferred embodiment, the extension tube 960 is 
20 ftil rrifft*''^ ikom fii™™n« jn order to optimally provide drillabilily of ttie 
extension tube 900. 

The fluid passsge 962 is coupled to the sealing ateeve 958» the extension 
tube 960, andoneormore outlet 964. During operation offhe apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic mstmals. In a 
26 preferred embodnnent, the fhxid passage 962 is positioned shout the oe^ 

tbe^ipsratosOOO. In a particular^ preferred embodixoent, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
tanging from about 0 to 9.0(M pri and 0 to 3,000 gaUonatoin in order to 

provide fluids at operatianalliy eflBdent rates. 
30 The ootletjets 964 are coupled to the sealing sleeve 958, the extension tube 

960, and the fluid passage 962. During operation oftbe apparatus 900, the outlet 
jets 964 prefoab^ convey hardenable fluidic material from the fluid passage 962 



to the regiim exterior of the oppaxBt^ InapielienredendxMiimeat^tbeshoe 
9(» inchules a phinlity Of ou^ 

&i aprefened embodiment^ the outlet jets 9^ 
the honalng 954 and the bod7 of cement 966 in order t^ 
5 ofthea|ipanrtii8900. 

Tlie varioua elemenis of the Aoe 908 be coi^ded 
conventional process such as» for example, threaded cimneetions, eement or 
machined Dram ooeite of matocieL In a {ffefened embodiment, the various 
elements of the shoe 906 aiecoiqpled using cemenL 
10 In a prefteed embodiment, ttieessemh^ 900 » (derated substantia^ 
described above with referenoe to Figs. 14 to cteate a new sec^ 
wellbore or to repair a VTellbore easing or pq)eIiE^ 

particulsr , in order to extend a vvdibore into a sn^ 
a drill string is used in a vreU known manner to drill out material ftom the 
15 subterranean fbnnation to fbrm a new section. 

The apparatus 900 for forming a wellboze casing in a subterranean 
formation is then portioned in the new section of the wellbore. In a particular 
preferred embodiment, the q)paratu8 900 inchides the tubular mem^ Ina 
p re fe rred emb o dhnent , a hardenable fluidic sealing hardenable fhiidic sealing 
20 material is then pumped from a surfiu9eIocati<m into the fh^ The 
harrtfmsMft flnidir spmBng material thm jmmm from the fluid passage 918 into the 
interior region 966 of the tubular membv 902 below the mandrel 906. The 
hardenable ihiidic sealing material then passes fttmi the h^ 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
26 spparatns 900 via the outlet jets 964 and fiOs an annular region between 
exterior <^the tubular member 902 and the interior wan of the new sec^ 
weQbore. Contumedpunqiiivofthehanlenahleflnidieaealing 
material to fiU up at least a portion of the annnlsr re^km. 

The bardmable fluidic sealing material is preteab|r punqied into the 
30 aminlarregicm at pressures and flow rates ranging, for exanq)le,fr«^ 

S,000p8iand0tol^ gnllm1f^^l^ ^ respectively, Inaprtifem.^,m,h^[TnCTtthft 
hardenable fl uidir s^Kngtnet e ri aliapnmped into tto annohr region at preasures 
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and flow rates that are designed for the apedfie wellbore section m order to 
qptonise the displacement of the hardenable fluidic sealiDg material while not 
creating high mou^drcalating pressures such that 

that could cause the weHbore to collapse. The optimum pressures and flow rates 
5 are preferab^jr determined iumgooxiventmnalen4)iik^ 

The fluidic sealing material may comprise any number of 

for example, dag mix, cement or eptay. In a pre fe rre d embodiment, the 
KflwiawftKU fluidic sealing material comprises blended cments dewignpri 
10 qiedfical^ ibr ttm wdl section being Uned available fbom Halliburton Energy 
Serdoes in Dallas, TZ in oni«r to optimal^ provide su|q)ortfo 
member while also maintaining optimal flow characteristics so as to minhniro 

^yp^fi#m«l liMBiiiltfAA Airfug tlM> AlapXnrmmt ftf ihft gammt in tha antmlar 

region, llieoptiminn composition ofthfi blended cements ispreferaUydetennix^ 
IS using conventional empirical mefhods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, \xpoa radial eacpansion of the 
tubulnr Tnfrn bP'' QQ^, ArmnUr rpgim nf the nfiw nection of the weUbore will be 

fiUed with hardenable material. 

20 Oim the annular region has been adecpxately filled with hanl^^ 

sealing material* a plug or dart 974, or other similar device* preferab^ is 
introducedmto the fluid passage 962 tberd^flttidiclyisolatingtl^ 
966 ofthe tubular member 902 flromtiie external auml^ Inaprefinrred 
embodiment, a non hardoiable fluidic material is then pumped into the ulterior 

25 region 966 causing the interior region 966 to pressoriae. In a particolariy 

ppufo i f il miilwiiifafimit tha pltig nr Amirt fl7A^ ftr ftfehgr rfrnflar ^Bwic^ pPftfaraMy ifl 

btrodnced hito fhe fluid passage 962 by faitroducing the 
similar device into the non hardenable fluific material In this manner, the 
amount of cured material within the interior of fbe tubule 
SO isminirniiSBd 

Once the interior region 666 beowies stt£Bdentfy pressurised, the tuhiilw 
menibers 002 and 915 are extruded ofl'ofthe mandrel 906. The mandrel 906 may 
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